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[54] Invention Name Elevator car speed detection 

device and method 

[57] Abstract 

The present invention relates to elevator car speed 
detection equipment and methods. It is configured with a 
radar speed sensor (30) for determination of the velocity of 
an elevator car (2). The speed sensor generates a signal that 
is processed by a processor (52) and compared to a speed 
threshold value by a speed detection module (70). The speed 
detection module generates an overspeed signal (72) that 
triggers the operation of an actuator (34) and safety brake 
(26). 
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CLAIMS 



1. An elevator speed detection system, comprising: 

a speed sensor system that detects the speed of an elevator car and generates a speed signal; and 
a speed detection module that compares the output signal corresponding to the speed of the 
elevator car that is generated. 

2. The elevator speed detection system of claim 1, wherein said speed sensor system 
comprises: 

a transmitter that directs a transmitted signal; 
a receiver that receives a return signal; and 

a processor that receives the return signal from the receiver and generates a speed signal. 

3. The elevator speed detection system of claim 2, wherein the transmitter and receiver 
comprise a radar device and also include an antenna. 

4. The elevator speed detection system of claim 2, wherein the processor comprises a filter, a 
limiter and a frequency-voltage converter or a phase-locked loop. 

5. The elevator speed detection system of claim 2, wherein the processor comprises a filter, 
an analog-digital converter and a digital signal processor. 

6. The elevator speed detection system of claim 2, wherein the transmitter and the receiver 
are installed on the top or the bottom of the elevator car within a hoistway. 

7. The elevator speed detection system of claim 6, wherein the hoistway comprises a wall 
and a guide rail, the transmitted signal being directed toward the wall or the guide rail. 

8. The elevator speed detection system of claim 6, wherein it also comprises a uniform 
structure installed on the wall or the guide rail, the transmitted signal being directed toward the 
aforementioned uniform structure. 

9. The elevator speed detection system of claim 6, wherein the hoistway comprises a ceiling 
and a bottom, the transmitted signal being directed toward the ceiling or the bottom. 

10. The elevator speed detection system of claim 2, wherein the elevator car is placed inside 
the hoistway, the transmitter and the receiver are installed within the hoistway, and the transmitted signal is 
directed toward the elevator car. 

11. The elevator speed detection system of claim 2, wherein it also comprises a speed 
detection module that compares the speed signal to a speed threshold value and generates an overspeed 
signal that corresponds to an overspeed state. 

12. An elevator system that has an elevator car and a safety braking system, said elevator 
system comprising: 

a speed sensor system that detects the speed of the elevator car and generates a speed signal; 
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a speed detection module that compares the speed signal to a speed threshold value and generates 
an overspeed signal that corresponds to an overspeed state; 

an actuator that receives the overspeed signal and triggers the safety braking system. 

13. The elevator system of claim 12, wherein the speed sensor system comprises: 
a transmitter that directs a transmitted signal; 

a receiver that receives a return signal; and 

a processor that receives the return signal from the receiver and generates the overspeed signal. 

14. The elevator system of claim 13, wherein the transmitter and the receiver comprise a radar 
device and also comprise an antenna. 

15. The elevator system of claim 13, wherein the processor comprises: a filter; a limiter; and a 
frequency-voltage converter or a phase-locked loop. 

16. The elevator system of claim 13, wherein the processor comprises: a filter; an analog- 
digital converter; and a digital signal processor. 

17. The elevator system of claim 13, wherein the transmitter and the receiver are installed at 
the top or the bottom of an elevator car inside a hoistway. 

18. The elevator system of claim 17, wherein the hoistway comprises a wall and a guide rail, 
the transmitted signal being directed toward the wall or the guide rail. 

19. The elevator system of claim 18, wherein it also comprises a uniform structure installed in 
the wall or the guide rail. 

20. The elevator system of claim 17, wherein the hoistway comprises a ceiling and a bottom, 
the transmitted signal being directed toward the ceiling or the bottom. 

21. The elevator system of claim 13, wherein the elevator car is placed inside a hoistway, the 
transmitter and the receiver are installed inside the hoistway, and the transmitted signal is directed toward 
the elevator car. 

22. A method for detection of an elevator car overspeed state, comprising: 
detection of the speed of the elevator car; 

generation of a speed signal; 

comparison of the speed signal to a speed threshold value; 
generation of an overspeed signal. 

23. The method for detection of claim 22, wherein the elevator car has a top and a bottom and 
is placed inside a hoistway that has a ceiling, a bottom, walls and guide rails, the aforementioned detection 
comprising: 

direction of the transmitted signal toward the ceiling, the bottom, the wall, the guide rail, the top or 
the bottom; and 

reception of a return signal. 
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DESCRIPTION 



Elevator car speed detection device and method 

The present invention relates to an elevator speed detection and monitoring device and method. 
More specifically stated, the present invention relates to a device and method used to detect an overspeed 
state of an elevator car and to provide a corresponding electrical signal. 

Currently, elevators are configured with several braking devices that have been designed for use in 
normal operation of an elevator, for example, keeping it in place when it stops at a landing, and they have 
been designed for use in emergency states, for example stopping the elevator car from moving in a free 
fall. 

The configuration of this type of braking device is used to cause an overspeed elevator car that is 
moving in excess of a predetermined rate to slow. This type of braking device usually applies a governor 
device that triggers the operation of safety devices. A governor rope is configured in this type of elevator 
system, it is wound around a pulley at the top of the hoistway and a tensioning pulley at the bottom of the 
hoistway, and is affixed to the elevator car. When the governor rope exceeds the predetermined rate of the 
elevator car, the governor device grabs the governor rope and pulls tight two rods connected to the car. 
These two rods pull wedge-shaped safeties, the latter pinch the guide rail on which the elevator car moves, 
thereby braking and causing the elevator car to slow. 

The devices and methods used to detect overspeed of an elevator car are very important to the 
correct working of a safety braking system. In traditional systems, overspeed of an elevator car can be 
monitored through a governor rope, governor pulley, tensioning pulley or the linkage rods that operate 
mechanical safety devices. For example, the aforementioned governor pulley utilizes a centrifugal device, 
and when an overspeed state is reached, the latter engages a brake and generates a resisting force on the 
governor rope, thereby triggering the safety device. The governor rope causes the governor pulley to rotate 
based on the speed of rotation associated with the linear velocity of the elevator car. The governor has 
centrifugal counterweights that move outward as the speed is increased and as a result the centrifugal force 
is increased. When the elevator exceeds a predetermined speed, the centrifugal counterweights trip an 
overspeed switch and the latter causes a group of jaws to grasp the rope and cause the safeties to operate. 
In other systems, a tachometer is installed on an auxiliary rope affixed onto the pulley and is used to 
monitor the overspeed state of the elevator car and cause the safeties to operate. 

A shortcoming of existing systems is that the rope and the governor system may experience wear. 
The biggest problem with this type of wear is that it cannot be detected with the naked eye. Moreover, 
when an overspeed state occurs, the elevator must be taken out of service until an organization [sic] is used 
to reset the governor device and release the safeties. 

Another shortcoming of the governor rope assembly is that it must be maintained and requires 
hoistway space. The governor rope, pulleys and connecting rods must be regularly cleaned, lubricated and 
replaced. All of the maintenance requirements are bothersome as far as technical personnel in this field are 
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concerned and thus are unwanted properties. This requires elimination of the governor rope assembly, and 
it requires precision devices and methods for monitoring and detecting an overspeed state of the elevator 
car without requiring a governor rope assembly. Based on this need, there must also be a precise, non- 
contact, continuous and instantaneous device and method for detecting elevator overspeed states. 

For this reason, one object of the present invention is to provide an improved method and device 
for detection of elevator overspeed states. 

Based on the present invention, an overspeed state of an elevator is detected using a radar sensor to 
verify the speed of the elevator. The speed sensor continuously monitors the speed and direction of the 
elevator in a precise, non-contact and instantaneous manner and does not utilize the existing technology of 
a rope governor system. In an embodiment of the present invention, the speed sensor is installed on the 
elevator car and directs the transmitted signal toward one portion of the hoistway or the guide rail. In 
another embodiment, the speed sensor is installed on the ceiling or the bottom of the hoistway and directs 
the transmitted signal toward the elevator car. The speed sensor receives the return signal and generates a 
speed signal that indicates the speed and direction of the elevator car. The speed signal is received by a 
microprocessor and the latter compares said speed signal to the threshold value that corresponds to an 
overspeed state. When an overspeed state exists, the microprocessor generates an overspeed signal and can 
cause the safety brake to slow the elevator. 

On the basis of the following detailed description of the present invention, the aforementioned and 
other objects, characteristics and advantages of the present invention are clarified further; shown in the 
attached diagrams are: 

Figure 1 shows a partial cross-sectional drawing of the elevator in a hoistway that utilizes the 
sensor of the present invention; 

Figure 2 shows an explanatory side view drawing of the elevator that utilizes the speed sensor of 
the present invention; 

Figure 3 shows an explanatory drawing of the speed sensor and the processor based on the present 
invention; 

Figure 4 shows an explanatory drawing of another embodiment of the speed sensor and the 
processor based on the present invention; 

Figure 5 shows an explanatory drawing of yet another embodiment of the speed sensor and the 
processor based on the present invention; 

Figure 6 shows a perspective drawing of a section of the structural strip based on the present 
invention. 

Figure 1 shows the elevator car 2 of the present invention located on frame 4, said frame being 
suspended by ropes 6 and being moved by them. The elevator frame 4 comprises a safety board 8 on 
which the elevator car 2 sits, two vertical columns 12 on either side of the car frame 4, and a cross member 
10 that is directly affixed to the elevator ropes 6. There are guide rails 14 on each side of the car frame 4, 
the car frame 4 slides within rollers 16 on the guide rails 14. The elevator car 2 moves vertically by means 
of an electric motor (not shown) within the hoistway delineated by the walls 18, bottom 20 and ceiling 22. 
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12-21-1)1) 

The elevator car 2 of the present invention does not utilize the governor rope assembly of existing 
technology to trigger the safety braking system when an overspeed state occurs. Based on the present 
invention, a radar speed sensor 30 is installed on the top surface 32 of the elevator car 2 and projects 
toward the ceiling 22 of the hoistway 17. As will also be more comprehensively explained in the text 
below, the radar sensor 30 continuously emits electromagnetic signals, and these signals are reflected by 
the ceiling 22. The sensor 30 continuously detects the return signals. Said sensor comprises a radio 
transceiver, said transceiver along with processing devices calculating the speed and direction of the 
movement of the elevator car 2. When an overspeed occurs, the sensor 30 emits an output signal and said 
signal is ultimately used to trigger a safety braking system. In the embodiment illustrated in Figure 1, the 
output signal triggers the actuator 34 and by means of a system of connecting rods 36 and transmission 
rods 38 located on each side of the elevator car 2 the safety brakes 26 apply a braking force onto the guide 
rails 14. The actuator 34 can comprise an air cylinder, a hydraulic cylinder, an electric motor, an electric 
brake or an equivalent device that can translate the connecting rod system 36. The speed sensor 30 when 
detecting an overspeed state of the car 2 in the two directions of moving upward and moving downward 
permits activation of the safety braking system, and with this, a group of safety braking systems installed 
on the top of the elevator car 2 stop the car in the downward direction, and a group of safety brakes 26 are 
installed at the bottom of the car to stop the car in the upward direction. 

Refer to Figure 2 below showing three different embodiments of the present invention. In the first 
embodiment, the speed sensor 30 is installed on the top of the elevator car 2 and is composed of a radar 
oscillator transceiver such as a Doppler radar or similar article, said transceiver comprising an antenna 40 
and an oscillator receiver 42 connected to it. As illustrated in the drawing, the antenna 40 is a horn-type 
antenna, or it may also comprise a planar antenna array, or a junction plate, antenna or other similar 
antenna. The oscillator receiver 42 can comprise an oscillator receiver similar to those sold on the market 
such as a Model MA 86849-M01 or MA86843-M05 supplied by the M/A Corporation connected to the 
antenna 40. The use of a dual-channel oscillator receiver permits measurement of the speed and direction 
of the moving elevator car 2 that facilitates overspeed control along the upward direction and the 
downward direction. Although the speed sensor 30 shown is an integrated-type Doppler radar device, it 
serves as an example and is not a restriction. Of course, the speed sensor 30 can comprise an independent 
transmitter, antenna, receiver and similar devices, all of which fall within the scope of the present patent. 
Moreover, it is also within the scope of the present patent that the speed sensor 30 can comprise other 
similar types of radar, for example, VORAD ETV-200 sensors manufactured by the Eaton Corporation, 
non-reflecting radar and transponder devices. 

As described above, the speed sensor 30 is a radar device and it continually emits the 
electromagnetic signals illustrated as 44 via the antenna 40. The transmitted signals 44 are reflected by the 
ceiling 22, and the return signals illustrated as 46 are received by the antenna 40. The reflected signals 46 
carry information on the speed of the car 2 relative to the reflective surface (ceiling 22). 
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In the second embodiment illustrated in Figure 2, the speed sensor 30a is mounted obliquely on the 
elevator car 2 at an angle 0 illustrated with 48 relative to the velocity vector of the elevator car 2 illustrated 
with 50. The speed sensor 30a is positioned so that the continuously transmitted magnetic signals go 
toward the guide rail 14 or the wall 18 and are reflected by them. Similar to speed sensor 30, the speed 
sensor 30b is installed on the ceiling 22 and continuously transmits magnetic signals toward the elevator 
car 2 that are also reflected by it. Additionally, within the scope of the present invention, the speed sensor 
30 can be installed on the floor of the elevator car 2 so that the continuously transmitted magnetic signals 
go toward the bottom 20 of the hoistway 17, the guide rails 14 or the wall 18 and are reflected by them. 
Moreover, the sensor 30 can be installed on the bottom 20 of the hoistway 17 to continually transmit 
magnetic signals toward the bottom of the car that are reflected by it. 

Once the return signal 46 is received by the sensor 30 the oscillator transceiver 42 outputs the 
speed signals f out illustrated using 68 in Figures 3, 4 and 5, said signals comprising a frequency that is 
proportional to the speed V ca of the elevator car 2 based on the following formula: 

fout = 

COS (6)*2*V car *f rad /V Light 
In which: V Light = the speed of light = 3 x 1 0 8 meters/second 
frad = radio frequency = 24. 125 GHz 

6 = included angle 48 between the sensor axis line and the velocity vector. 

The above formula is simplified as 

f out =160.8*V ca *COS(0) 

The angle 6 of speed sensors 30 and 30b is 0.0, said angle causing the scaling factor of the 
oscillator transceiver 42 output signals to be equal to 160.8 Hz/(m/s). The scaling system [sic] of the speed 
sensor 30a is determined by the value of the installation angle 48. 

The return signals 46 contain several unwanted frequencies that are considered to be scatter and 
noise as well as the Doppler maximum frequency, and the average value of these frequencies corresponds 
to the speed of the elevator car 2. Several unwanted frequencies are emitted when the signals 44 from the 
antenna 40 diverge (called the viewing angle) and are the result produced by the emitted signal 44 
diverging. The aforementioned viewing angle causes a corresponding divergence of the frequencies in the 
return signal 46. The other unwanted frequencies in the transmitted signal 44 may be caused by vibration 
of the installed speed sensor 30 or be the result of interruption of the signal by an obstruction, and the 
aforementioned signal is also converted into unwanted frequencies in the return signal 46. Moreover, a 
small portion of the emitted signal 44 is received directly by the antenna 40 prior to reflection and together 
with variations in the reflective surfaces (22, 14 or 18) may cause noise or other unwanted signals in the 
return signal 46. 

The output signal of the oscillator receiver 42 illustrated with 54 (Figures 3, 4 and 5) is based on 
the return signal 46 and processed by the processor 52 connected to the oscillator receiver 42. The output 
signal 54 is composed of a broadened spectral line of overlapping frequencies as described above in regard 
to the return signal 46. Among the frequencies in the signal 54 there is a direct current bias voltage and an 
alternating current (AC) that carries information regarding the speed of the elevator car 2 as well as noise 
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and various other frequencies. The processor 52 blocks the direct current portion of the output signal and 
is also used to determine the average frequency of the output signal 54 that concerns the speed of the 
elevator car 2. A modified embodiment of the present invention is illustrated in Figure 6, wherein the 
structural strip 27 is placed on the guide rail 14 or the wall 18 and is used in conjunction with the speed 
sensor 30a (Figure 2). The structural strip 27 comprises a uniform configuration that serves as a 
protruding portion 28 that is illustrated by way of example as simple lines. The structural strip 27 
generates the return signal 46 that has an increased amount of backward reflection, thereby increasing the 
reflection and improving the working precision of the present invention. The structural strip 27 can be 
mounted onto the guide rail 14 or the wall 18 using any suitable method. In another modified 
embodiment, the uniform configuration of the protruding portion can be embossed directly onto the guide 
rail 14 or directly processed onto the wall 18 during the manufacturing process. 

Referring now to Figure 3, the illustration shows an embodiment of a processor suitable for use 
together with the speed sensor 30. Processor 52 is composed of a low-pass filter 56 that eliminates high- 
frequency noise and a limiter 58 that stabilizes the output signal 54 amplitude. The frequency of the 
output signal 54 is estimated using a frequency-voltage converter 60 sold on the market such as an 
LM2907 or 10LM2917 supplied by the Panasonic Semiconductor Company. 

Referring now to Figure 4, the processor 52 of another embodiment shown is composed of a filter 
56, a limiter 58 and a phase-locked loop (PLL) 62. The phase-locked loop is composed of a voltage- 
controlled oscillator and a phase detector. The aforementioned oscillator supplies a known signal to the 
phase detector and the output signal 54 is similarly supplied to the phase detector. When the two above- 
described signals are within a certain predetermined frequency of the other signal, the oscillator frequency 
will lock onto the input frequency 54. This technology enables the achievement of a narrowband tracking 
filter. The control voltage supplied to the oscillator is proportional to its frequency, and this frequency is 
itself directly proportional to the speed of the elevator car 2. An initial voltage that corresponds to an 
overspeed state of the elevator car is supplied to the oscillator. When the speed of the elevator car 2 
reaches an overspeed state, the phase-locked loop will lock to the input frequency 54. A chip sold on the 
market such as the Model LN565 supplied by the Panasonic Corporation can be used to perform the 
aforementioned phase-locked loop function. 

In another embodiment of the processor 52 illustrated in Figure 5, it comprises a filter 56 and an 
analog-digital converter 64 (A/D) that digitizes the output signal 54. The processor 52 also comprises a 
digital signal processor (DSP) 66 that uses the digitized form of the output signal 54 to use a Fast Fourier 
Transform for determination of the Doppler signal that corresponds to an overspeed state of the elevator 
car 2. 

The processor 52 generates an output speed signal 68, as described previously, and this signal 
relates to the speed and direction of the elevator car 2. The output speed signal 68 is used by the speed 
detection module 70 using software, a comparator or other equivalent device to determine whether or not 
an overspeed state exists. In one embodiment of the present invention, the speed detection module 70 
comprises a microprocessor, and said microprocessor can serve as an element or an independent processor 
of the processor 52 or it can be included in the main processor (not illustrated) of the elevator. The speed 



5 



detection module 70 compares the speed signal to the voltage threshold that corresponds to an overspeed 
state. For example, the elevator may have a rated speed of 15 meters/second, and an overspeed state is 
generally 120% +/-5% of the rated speed. Using the relationship established above, when the voltage of 
the signal 68 corresponds to a threshold frequency greater than 2773.8 Hz, the output signal 72 of the 
speed detection module 70 triggers the operation of the actuator 34 (Figure 1) and the aforementioned 
safety braking system. 

Although preferred embodiments have been illustrated and described, various other modifications 
and substitutions may be made to them without departing from the spirit and the scope of the present 
invention. Of course, it should be understood that the present invention has been described using 
illustrations and not limitations. 
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